Editorial  by unknown
Preface
I would like to express my gratitude to the Editors
of Biochimica et Biophysica Acta for devoting a Spe-
cial Thematic Issue to the role of mitochondria in
cell death. This decision comes at the right time. It
is a recognition of this growing ¢eld within bioener-
getics; and it provides the reader with an overview of
recent achievements and new perspectives, open
problems and current controversies by leading ex-
perts. I am particularly pleased that this event takes
place in one of most respected journals of bioener-
getics, and a major forum for the debate on the
mechanism of ATP synthesis culminating in the No-
bel Prize awards to the late Peter Mitchell in 1978,
and to Paul Boyer and John Walker in 1997.
Although the themes largely overlap, the issue is
organized into four main sections. In the ¢rst, the
focus is on the role of mitochondria in intracellular
Ca2 signalling, which is extremely important in cel-
lular pathophysiology. Interest in the mechanisms of
mitochondrial Ca2 transport has never disappeared
from bioenergetics, but this area of research did not
enjoy much popularity within cell biology and in the
¢eld of signal transduction. The enthusiasm of the
early 1970s was blunted by the view, prevailing well
into the 1980s and early 1990s, that the a⁄nity of the
Ca2 uniporter is too low to allow mitochondrial
Ca2 transport under physiological conditions. This
is clearly not the case, as shown by many observa-
tions in intact cells indicating that mitochondria take
up and release Ca2 in situ. The recent ¢nding of
T.E. Gunter and coworkers that mitochondria pos-
sess a fast uptake system (the so-called rapid uptake
mode or RaM), which allows Ca2 uptake from sub-
micromolar, pulsed Ca2 transients and decodes the
frequency, not only the amplitude of the signal, per-
fectly matches the demands of mitochondrial Ca2
uptake in situ. A key event following the increase
of matrix Ca2 is stimulation of metabolism through
matrix dehydrogenases. This important regulatory
event is subjected to hormonal control, integrating
mitochondrial metabolism with intracellular Ca2
signalling, and is covered here by A.P. Thomas and
coworkers. Finally, the idea is emerging that mito-
chondria may act as integrators of Ca2 signals
through a close interaction with the endoplasmic re-
ticulum. Mitochondria might either annihilate or am-
plify Ca2 signals coming from the endoplasmic re-
ticulum according to the rate of delivery and the
frequency of the Ca2 transients. This would be
achieved through modulation of Ca2 e¥ux via the
mitochondrial permeability transition pore, a regu-
lated channel that has been the focus of intense re-
search in bioenergetics, and as a potential mediator
of cell death. The idea proposed here by F. Ichas and
J.-P. Mazat is that depending on the mode of Ca2
uptake the pore can switch from a low conductance,
ion permeable state mediating physiological Ca2 ef-
£ux to a high conductance, solute permeable state
causing swelling and outer membrane rupture.
Mitochondria have been implicated in a variety of
disease states. Among the possible mechanisms of
damage, production of reactive oxygen species has
been proposed to play a role in the ageing process,
and in high prevalence conditions like the myocardial
ischemia-reperfusion syndrome. These issues are cov-
ered in the second section. After a discussion of the
role of mitochondria as both the source and the tar-
get of oxidative stress by G. Lenaz, the metabolic
changes of the ischemia-reperfusion syndrome are
analyzed. The concepts emerge, as discussed by F.
Di Lisa and coworkers, that mitochondria take an
active part in the process determining the outcome of
the ischemic insult; and that complete shut-o¡ of
mitochondrial function may limit the damage, a par-
adox faced by current mitochondrial research in this
area. The potential role of the permeability transition
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in this setting is then introduced by A.P. Halestrap et
al., who highlight a possible mechanistic link be-
tween mitochondrial derangement and cell death.
The third section begins with another important
paradigm of cell death, excitotoxic neurotoxicity.
As discussed by D.G. Nicholls and S.L. Budd, this
model recapitulates several key issues in that it de-
pends on cytosolic Ca2 overload following over-
stimulation of NMDA receptors, and it involves mi-
tochondrial dysfunction, ATP depletion, and
dysregulation of Ca2 metabolism. M. Montal fur-
ther extends the discussion to show how both events
may be consequences of the permeability transition,
and introduces the potential role of proteins of the
Bcl-2 family that largely localize to the outer mito-
chondrial membrane. Bcl-2 family members are thor-
oughly discussed by J.C. Reed et al., who review
current models and mechanisms that may link these
proteins to mitochondrial function and to promotion
or inhibition of apoptosis.
One of the most intriguing ¢ndings in the apopto-
sis ¢eld has been the demonstration that cells com-
mitted to die following a variety of stimuli undergo
redistribution of cytochrome c to the cytosol, where
it plays an essential role in the activation of caspase
3. These ¢ndings pose the question of the mecha-
nism(s) mediating cytochrome c release from the in-
termembrane space and through the outer mem-
brane, which is discussed here by D.P. Jones and
coworkers. Mitochondria contain at least one other
proapoptotic molecule, a 50 kDa protease that is
released following mitochondrial swelling in vitro,
and is able to activate an endonuclease and promote
nuclear degradation in a cell-free system. This factor,
and the role of the permeability transition in pro-
grammed cell death, is discussed by G. Kroemer
and coworkers. The possible existence of a protease
mediated, Ca2 dependent loop involving the perme-
ability transition, and playing a pivotal role in liver
diseases of common clinical observation is further
discussed by G.J. Gores and coworkers.
Interest in the permeability transition as a possible
mediator of hypoxic and toxic cell death preceded by
several years the realization that mitochondria may
be involved in programmed cell death as well, and
the evidence is summarized in the last review of this
section by J.J. Lemasters et al. The idea that the
permeability transition may represent a ¢nal com-
mon pathway for both necrosis and apoptosis is ex-
tremely appealing. In this respect, the basic features
of pore modulation in isolated mitochondria are
ideally suited for integration of the con£icting inputs
provided by death signals.
The fourth and last section begins with conditions
where mitochondria are primarily involved (defects
of nuclear genes encoding mitochondrial proteins,
or defects of mitochondrial DNA). The very concept
of ‘mitochondrial diseases’ stems from early work in
this area, which has also provided key advances to
mitochondrial biogenesis and bioenergetics. This
topic, which covers a variety of neuromuscular dis-
eases, is discussed by S. Di Mauro and coworkers.
The last two reviews by M.F. Beal and A.H.V. Scha-
pira discuss neurodegenerative diseases where mito-
chondria are strongly suspected to play a key role
(like Alzheimer’s and Parkinson’s diseases). It is in-
teresting that decreased respiration, increased free
radical production and elevated intracellular Ca2
concentration are commonly observed, suggesting in-
volvement of the same basic e¡ector mechanisms sus-
pected to play a role in toxic, hypoxic and apoptotic
cell death.
I believe that the ¢ndings discussed in this series of
reviews prove that mitochondria are involved in cell
death for reasons that go much beyond ATP supply;
and that this is a starting point, not an end. It is easy
to predict that the involvement of mitochondria, and
its being cause or consequence, will critically depend
on the type of stimulus, on its intensity, and on the
speci¢c function primarily perturbed; but it is also
easy to see how, irrespective of the initial stimulus,
the outcome will largely depend on the integrated
response of a variety of mitochondrial parameters
that cannot be dissected easily, or at all. Key issues
are beginning to emerge, however, and the present
contributions should help identify the problems and
ask the right questions for the future. For the time
being, I have little doubt that cell death is bringing
mitochondria to new life.
Paolo Bernardi
Padua, 16 April 1998
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